• Recent studies with the radioactive isotope of rubidium, Rb 80 , have demonstrated the feasibility of estimating the regional distribution of blood flow to the myocardium of the experimental animal. 1 " 8 This technique was adapted to assess the extent and distribution of collateral circulation which obtained after acute ligatiou of a major coronary artery (left circumflex) in the dog. 4 In the present study, this same technique was applied in order to determine the effects of ligation of the other major coronary arteries of the dog. In addition, the uptake of Rb 80 by the various regions of the normal right ventricle was ascertained in greater detail than had been done previously.
Methods
Fifty-four experiments were conducted upon mongrel dogs of both sexes, their weights ranging from 7.1 to 21.S Kg. Intravenous pentobarbitnl (30 mg./Kg.) wns used as general anesthetic. In 41 experiments, a left transverse thorn cotomy wns performed at the level of the fourth or fifth intercostal space, and artificial respiration was instituted. In 20 experiments, no coronary arteries were lignted. In 21 experiments, the anterior descending artery wns ligated just below the septnl branch (whenever it branched from the anterior descending), as suggested by "Vansnnt. r> In the 13 experiments in which the right coronary artery was occluded, a right thoracotomy incision wns made at the level of the fourth intercostal space. The right coronary artery was exposed and ligated 1 or 2 mm. distal to the pulmonnry conns branch, in ordor to leave one distinctive area of ventricular wall not deprived of its normal channels of vnseularization.
Arterial pressure wns recorded throughout each experiment by means of a strain gnuge on a Sanbom direct-writing recorder. Electrocardiograms (usually standard lead II) were recorded before and after application of the ligatures. Heparin 0 (3 mg./Kg.) was administered intravenously, and the arterial pressure was ndjusted to a level of 100 mm. Hg and maintained at this level by connecting a carotid artery to an appropriately elevated blood reservoir.
Five to 10 minutes after coronary artery ligation, Rb 8fl (approximately 150 /iC.) wns infused into the superior vena cava at a constant rate for 2 minutes. Arterinl samples were obtained at 10, 20, 40, 60, 80, 100, and 120 seconds after the beginning of the infusion, and the myocardial clearance of this isotope by the various regions of the myocardium was determined by the technique which has been previously described. 4 The clearance is calculated as the tissue content divided by the mean arterial blood concentration and represents the minimal value of blood flow to nny given region of myocardium.
Results

CONTROL CLEARANCES
In those experiments in which no coronary arteries were ligated, the clearances of Rb 80 were fairly homogeneous in the left ventricular Avail and interventricular septum ( fig.  1 ) ; values ranged from 63.2 ± 7.67 to 70.7 ± 5.08 (S.B.) cc./min./lOO Gm. of tissue. The right ventricular walls at the basal and outflow portions showed relatively lower clearances, ranging from 44.5 ± 3.27 to 57.6 ± 9.75 (S.E.) cc./min./lOO Gm. The clearances at the apex of the right ventricle, however, were greater and showed considerable variability.
RIGHT CORONARY ARTERY LIGATION
In 13 animals, the right coronary artery was ligated just distal to the pulmonary conus branch (figs. 1 and 2, c.b.). In 3 animals, ventricular fibrillation supervened almost im-*Courtesy of Dr. W. R. Kirtley, Lilly Laboratories.
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FIGURE 1
The distribution of Rb 80 clearances (mean ± S.E.) in ml./m'm./100 (Un. myocardium, in the canine heart with intact coronary arteries. The vessels identified are as follows: right coronary artery (r.c.a.); conns branch (c.b.); anterior descending artery (a.d.w.)j left circumflex artery (l.c.a.)j ramus marginis oblusi (r.m.o.); and ramus suld longitudinaiis posterior-is (r.s.l.p.).
mediately, but 10 survived until the time of infusion of Rb 8u . The region of the outflow tract of the right ventricle in proximity to the pulmonary artery received its blood supply from the pulmonary conus branch and from the upper right ventricular branches of the anterior descending artery. 0 Therefore, by ligating the right coronary artery just distal to the conus branch, the outflow region of the right ventricle ( fig. 2 , star) in each experiment served as the normal control zone for the remainder of the right ventricle for that experiment. The Rb 8(l clearance for this region was 58.7 ± 5.6 ml./min./100 Gm., which was somewhat (but not statistically sig-Jiificantly) higher than for the same zone in the control experiments depicted in figure 1. Zones A and B (cross-hatched region in fig.  2 ), in the central, basal portion of the right ventricle, represent the only regions in which the Rb 80 clearances were significantly lower than that for the control zone; clearances were 39 and 41 per cent of that for the control zone. Samples of myocardium were taken from all other regions of the right A'entricle as well, but the clearances were not significantly reduced below the control value. Of the 21 experiments in which the anterior descending artery was ligated, four hearts fibrillated prior to the Rb so infusion. In the remaining 17 experiments, the areas in which statistically significant reductions of Rb 8(1 clearauce were obtained are denoted by the hatched region in figure 2 (zones D to G). The reduction of blood flow to these, regions ranged from 33 to 75 per cent of the clearance of a zone of myocardium in the same ventricle which was not affected by this ligation. This normal zone (marked by the diamond in the figure) was chosen at the niiddistance between the ramus marginis obtusi 7 and the posterior descending artery; the clearance at this point was 72.6 ± 1.0 cc./ min./lOO Gm., as compared with a value of 70.7 ± 5.08 for the same region in the control experiments ( fig. 1) .
The isehemic area is limited by the anterior OHANSKY, LEVY descending artery itself, extending inferiorly toward the apex of the left ventricle (zone G = 47 per cent). The left margin (F = 75 per cent) extends to the center of the ventricular wall between the anterior descending artery and the ramus marginis obtusi. The right ventricular wall and septum did not show any significant reduction of flow.
Discussion
The initial rate of uptake of Bb 8e by the myocardium is dependent on the rate of blood flow entering the myocardium and on the fraction of Bb 86 retained during its passage tlirough the niyocardial capillary bed (extraction fraction). 1 Since the extraction rate was not ascertained in the present study, the clearances represent a minimum estimate of blood flow to the myocardium, and true blood flow must be in excess of those values. 4 The mean value of the Eb 86 clearance in the control animals ranged from 63.2 to 70.7 ml./min./lOO Gm. for the left ventricular wall, and from 61.6 to 69.1 for the interventricular septum ( fig. 1) . These values are considerably less than that reported (118.5 ml./min./lOO Gm.) for the normal region of the left ventricle in a previous study. 4 However, in this earlier investigation, the arterial blood pressure averaged 144/104 mm. Hg (systolic/diastolic) at the time of Eb 86 infusion. In the present study, mean arterial pressure was adjusted to a mean level of 100 mm. Hg, and this undoubtedly accounts, at least in part, for the disparity in clearance values.
The clearances for the left ventricular myocardium in the control series were significantly greater than those for most regions of the right ventricular wall ( fig. 1 ). This is in accord with previous studies of Eb 80 uptake by the canine myocardium. 1 -8i * However, the clearances at the apex of the right ventricle were appreciably higher than those for the remainder of the right ventricle and were quite variable from expei"inient to experiment. In a recent study 8 in which radioactive glass inicrospheres were employed to estimate blood flow, however, it was reported that the blood flow per unit weight of myocardium was not significantly different for right and left ventricles. The discrepancy between the observation of higher Eb 80 clearances in the left ventricle than in most areas of the right ventricle made in this and previous 1 ' 3 ' 4 studies and the finding of a homogeneous uptake of radioactive glass microspheres by right and left ventricles 8 may be related to differences in extraction of either or both of these tracers by the two ventricles, or to other aspects of the different experimental techniques employed.
The changes in Eb 80 clearance produced by ligation of the major coronary arteries are depicted in figure 2 . The stippled area (zones H through N) represents the region rendered ischemic by ligation of the left circumflex artery (Lea.) ; these data are derived from experiments which were described in a previous report from this laboratory. 4 The crosshatched area (zones A and B) represents the region of ischemia observed after ligation of the right coronary artery (r.c.a.) just distal to the conus branch (c.b.). The region in which Eb 86 clearance is reduced significantly is limited to a relatively small fraction of the right ventricular wall, in the central, basal region. The large expanse of nonischemic myocardium undoubtedly represents collateral flow from branches of both the anterior descending (a.d.a.) and posterior descending (r.s.l.p.) coronary arteries to the marginal regions. Even in the ischemic zone itself, collateral flow is approximately 40 per cent of normal.
The hatched region (zones D to G) represents the territory rendered ischemic by ligation of the anterior descending coronary artery just below the septal branch. The Eb 88 clearance was not detectably diminished to the left border of the right ventricle adjacent to the ligated vessel, even though the anterior descending artery supplies numerous branches to the neighboring right ventricular wall. 0 ' 7 It is probable that collateral circulation is provided to this region by branches of the right coronary or septal artery. Also, the Eb 80 clearance is not significantly diminished at Circulation R*soarc\, Volume XI, September net COLLATERAL OOEONAKY BLOOD FLOW 417 the apex or medial to the ramus marginis obtusi (r.m.o.). These marginal areas are probably nourished largely by the ramus marginis obtusi and posterior descending artery.
Within the ischemic zone produced by liga-tioJi of the anterior descendiug artery, the Rb 80 clearances were diminished to from 33 to 75 per cent of that iu the normal region ( fig. 2, diamond) lying between the ramus marginis obtusi and the posterior descending artery. In the study in which glass microspheres were employed, a reduction in flow to 25 per cent of normal was reported. 8 Since Rb 80 is distributed rather homogeneously to the normal left ventricle ( fig. 1 ), the considerable variability in Rb 8 " clearances within the ischemic zone in this study is probably ascribable to collateral communications other than interarterial anastomoses, as deduced from the preceding study from this laboratory. 4
Summary
The regional distribution of myocardial clearances of Rb 80 has been determined in dogs with intact coronary circulation, as well as in those with acute occlusions of the anterior descending or right coronary artery. In the intact heart, the Rb 80 clearance was rather homogeneous throughout the left ventricle and interventrieular septum. The Rb 80 clearance for most of the right ventricle was less than that for the left ventricle. At the apex of the right ventricle, however, the clearance was greater and was quite variable from experiment to experiment.
Ligation of the right coronary artery resulted in a significant diminution of clearance m only a relatively small region in the central, basal portion of the right ventricular wall. Ligation of the anterior descending artery significantly reduced the Rb so clearance over a relatively small zone of the left ventricle in proximity to this artery. The marginal zones supplied by more than one major coronary artery are quite extensive.
